
 
 

 
A
s
W
o
 
I
 
O
s
1
m
c
c
D
f
 

 

 
A
t
(
a
t
r
i
 
A
c
t
 

 
w
0
 
I
c
s

 

Equivalent CPT Method for Calculating Shallow Foundation Settlements in the 
Piedmont Residual Soils Based on the DMT Constrained Modulus Approach. 
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BSTRACT:  The flat plate dilatometer test (DMT) is well-recognized for its ability to calculate 
ettlements of shallow foundations in a practical manner in soil types ranging from sand to silt to clay.  

ithin the Piedmont physiographic province, an equivalent method has been developed for the CPT  to 
btain constrained moduli for use in the same procedure as the DMT. 

NTRODUCTION 

ver 2 decades of calibration between the DMT and measured foundation performance records have 
hown its value & reliability in settlement computations (e.g., Schmertmann, 1986;  Mayne & Frost, 
988;  Marchetti, et al. 2001).  The measured dilatometer modulus (ED) is converted to a constrained 
odulus (M') per the procedures established by Marchetti (1980). For each sublayer, the uniaxial strain 

an be calculated as ε = ∆σv/M'  and the resulting settlement in that sublayer is simply ρ = ε ∆z.  The 
hange in stress at each sublayer can be obtained from classical elastic theory solutions (e.g., Poulos & 
avis, 1970;  Mayne & Poulos, 1999). Settlements from all sublayers are summed to find the total 

oundation settlement: 
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n earlier & well-received method for foundation settlement calculations (Schmertmann, 1970) related 
he settlement modulus directly to the measured cone tip resistance (qc), particularly in fine sandy soils 
e.g.,  M' = 2 qc).  This too utililized elastic theory solutions, but combined the influence of the modulus 
nd stress distribution to form a simplified strain influence diagram, known as the 0.6-2B triangle.  At 
hat time (circa 1970), it was necessary to approximate the distributions because engineers relied on slide 
ules for their calculations.  With programmable calculations and Pentium IV computer notebooks, there 
s no need for approximate distributions any longer.   

nother clarification that needs address is the use of a one-dimensional modulus (M'), that corresponds to 
onsolidation or oedometer testing, versus the three-dimensional problem associated with footings & mats 
hat require an elastic modulus (E').  In fact, the two moduli are related via elastic theory: 
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here ν'  is the drained Poisson's ratio.  For  ν' = 0, in fact, E' = M', and for the normal case where  ν' = 
.2, the elastic E' is 90 percent of M', so in practical circles they are used somewhat interchangeably.   

t is of interest to revisit both approaches and develop a methodology by which the advantages of the CPT 
an be appreciated for foundation settlement evaluations. In this case, the Piedmont geology comprised of 
ilty residuum will be addressed.  
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PIEDMONT DATA 
 
The Piedmont geology is comprised of residual silty sands, clayey silts, and sandy silts derived from the 
weathering of old gneiss, schist, and granite. Details on the formation and characteristics have been 
discussed elsewhere (e.g., Sowers & Richardson, 1983;  Sowers, 1994; Martin, 1977; Mayne, 1999).  At 
several well-documented sites, data from both DMT and CPT have been collected and provide an 
opportunity to interrelate the measurements.  For example, extensive testing has been reported for the 
National Geotechnical Experimentation Site (NGES) in Piedmont soils near Opelika, Alabama (Vinson & 
Brown, 1997; Brown & Vinson, 1998; Scheider, et al. 1999;  Mayne, et al. 2000;  Finke, et al., 2001).  
Similar data sets in the Piedmont have been reported for a test site at the Georgia Tech campus (Mayne & 
Harris, 1993;  Harris & Mayne, 1994). Additional unpublished and published data are also available in 
Piedmont soils in North Carolina (e.g., Wang & Borden, 1996).   
 
Three sets of CPT-DMT data have been compiled for an intracorrelative derivation of relationships. The 
tests were conducted in accordance with ASTM D 5778 and D 6635 standards for the CPT and DMT, 
respectively.  From the cross-comparative analyses, Figure 1 shows that the DMT modulus correlates well 
with the cone tip stress. 
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    Figure 1.  Relationship between the DMT Elastic Modulus and CPT Tip Stress in Piedmont Soils. 
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In the Marchetti procedure (1980, 2001) for obtaining a constrained modulus, the dilatometer material 
index (ID) and horizontal stress index (KD) are also required in order to attain the modulus ratio (RM = 
M'/ED).  The DMT material index relates to the grain size of the soil, as does the CPT friction ratio, FR = 
fs/(qt-σvo). Figure 2 shows that an approximate trend is evident between these two data sets in the 
Piedmont. 
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Figure 2. Relationship between DMT material index and CPT friction ratio in Piedmont residuum.  
 
 
 
 
As the DMT obtains 2 independent measurements (p0 and p1), the third index is readily obtained from the 
first two indices.  The horizontal stress index is found from: 
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Thus, in summary, the CPT data can be converted to equivalent DMT indices via the following 
expressions: 
 
 Dilatometer Modulus, ED    =   5  qt 
 
 Material Index, ID   =   2.0 - 0.14 (FR) 
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Standard DMT data reduction procedures are then employed to obtain the constrained modulus (D' = M' = 
1/mv): 
 
 M'  =  RM  ED 
 
where RM = fctn (ID, KD), as detailed in the following table (Marchetti, 1980;  Schmertmann, 1986;  
Mayne & Martin, 1998;  Marchetti, et al. 2001): 
 

Table D-1.   Constrained Modulus Parameter (RM) for Settlement Calculations 
 

Conditions Relationship for RM  =  M'/ED  Notes 
If ID < 0.6 RM = 0.14 + 2.36 log KD Clay soils 
If ID > 3 RM = 0.50 + 2.0 log KD Clean (quartz) Sands 
If 0.6 <  ID < 3 RM = RM0+ (2.5-RM0) log KD 

where RM0 = 0.14 + 0.15(ID - 0.6) 
Silts to silty Sands 

If KD > 10  RM = 0.32 + 2.18 log KD  
If RM < 0.85 Set RM = 0.85   
  
 
The forward evaluation of M' from CPT data in the Piedmont is seen to compare very well with the DMT 
values of M' in Figure 3, thus validating the proposed approach.   
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Figure 3.   Validation of CPT Method for Evaluating DMT Constrained Modulus in Piedmont Soils. 
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